Many pteropod species in the eastern tropical north Pacific Ocean migrate vertically each day, 16 transporting organic matter and respiratory carbon below the thermocline. These migrations take 17 species into cold (15-10º C) hypoxic water (< 20 µmol O 2 kg -1 ) at depth. We measured the 18 vertical distribution, oxygen consumption and ammonia excretion for seven species of pteropod, 19 some of which migrate and some which remain in oxygenated surface waters throughout the day. 20
In order to accurately calculate export production, remineralization rates and carbon cycling, we 75 must understand how the metabolic rate and depth distribution of migrators is impacted by the 76 environmental conditions of the OMZ. 77
The importance of having good estimates of these cycles is made more pressing by the 78 fact that human activities are altering temperatures and O 2 levels in the open ocean, and these 79 physical changes interact synergistically on organisms and ecosystems (Rosa and Seibel 2008 O 2 , as well as sensors for temperature, depth, salinity, and % light transmission. Samples for the 113 pteropod study were collected from 0-400 meters using 153-µm mesh nets in sampling intervals 114 which varied from 10 meters to 150 meters thick in order to capture fine scale detail at 115 ecologically important transitions (Table 1) . At sea, the contents of the nets were split using a 116 flat-bottomed Motoda splitter, then half of the sample was preserved in 4% sodium borate-117 buffered formalin and sea water. In the lab these samples were poured through a 64-µm mesh 118 sieve and washed into a Pyrex dish for sorting. Pteropods were sorted, identified and enumerated 119 using a dissecting microscope. Population densities (individuals m where a is a normalization constant and b is the scaling coefficient. We used species-specific 185 scaling curves to normalize metabolic rates to a common body mass of 10 mg (a) for all species. 186 T-tests were run using the STATISTICA software package (StatSoft) and were reported as 187 significant if p < 0.05. 188 189
Results

190
The OMZ was shown to be part of the natural habitat for a number of thecosome species in the 191 ETP (Fig 2) . Of the six species found in MOCNESS nets during our expeditions, H. striata, C. The day and night water column abundances (# m -2 from 0-1000 m) at each station were 212 rarely the same, indicating that populations were patchy (Table 2) warranted. The amount of suppression is likely dependent on physiological adaptation to 309 hypoxia, the temperature at which they experience low O 2 and the energetic demand of the 310 animal. Our results show that species specific differences in metabolic rate, size, and distribution 311 result in different reactions to changes in temperature and hypoxia within the thecosome 312 pteropod group. 313
Hyalocylis striata was the species most closely associated with hypoxic waters. 314
Compared to the other species investigated, H. striata has the third lowest scaled metabolic rate 315 (6.8 ± 2.3 µmol of O 2 g -1 h -1 ). This low metabolic rate may be indicative of a less active lifestyle. 316
This species has a relatively thin shell whose weight is reduced by the loss of the juvenile shell 317 (protoconch). During SCUBA expeditions from 0-30 m, we observed these animals generally 318 hovering neutrally buoyant in the water, although they responded to stimuli with a quick burst of 319 escape swimming (personal observation). Low energetic requirements, in conjunction with 320 metabolic suppression in response to hypoxia (~33%), allow this species to inhabit OMZs. 321
However, their residence there is contingent on their capacity to return to regions of high O 2 as 322 indicated by their distribution and their metabolic rate under oxygenated cold conditions. 323
Creseis virgula was the smallest of the pteropods studied here and it has the lowest scaled 324 metabolic rate (4.9 ± 1.6 µmol of O 2 g -1 h -1 ). Of all the species, C. virgula was most affected by 325 temperature, responding to 11º C with an almost four-fold reduction in O 2 consumption. This 326 large response to temperature can have an important influence on this species, which has the 327 broadest consistent vertical distribution, although there may be ontogenetic differences in their 328 distribution (personal observation). These animals have been found from 0-400 meters during 329 both the day and night, living in waters where O 2 has dropped as low as ~1 µmol kg -1 . Our 330 respiration experiments were run only on larger, adult animals, whereas the MOCNESS 331 distribution included many size classes. This bears further investigation, as it has been shown 332 that the energetic requirements of different life stages differ, as do the responses to 333 environmental stressors, such as hypoxia, resulting in differences in vertical distribution for 334 different developmental stages within a species (Wishner et al. 2000) . Beyond the effects of 335 scaling, which predisposes smaller animals to a greater O 2 demand g -1 , certain life stages are 336 engaged in highly energetic processes such as reproduction which may impact their O 2 needs. 337
Our study shows that the distribution of C. virgula is not constrained by OMZ water down to ~10 338 µmol O 2 kg -1 . This species is capable of metabolic suppression of ~33% under conditions of low 339 O 2 and is very responsive to changes in water temperature, which gives it the greatest overall 340 change in metabolic rate at cold hypoxic conditions (~86%). However, C. virgula may be 341 vulnerable to surface water warming due to their high temperature-sensitivity. 342
Cavolinia longirostris is found in the mixed layer during the day and night although it is 343 also sometimes found at depth (~0-150 m at night and at 250-300 m during the day). This species 344 has one of the highest metabolic rates of the species examined in this study and the second 345 lowest Q 10 . This species was found in patches both at the surface and depth at all times of day. 346
Although less responsive to low temperatures, this species is the most affected by hypoxia; when 347 exposed to low O 2 waters their metabolism was suppressed by 49% which caused their overall 348 metabolic suppression to fall into a similar range (81%) as H. striata and C. virgula despite their 349 smaller response to temperature change. 350
Diacria quadridentata and C. inflexa were the only species in this study not found in net 351 tows below the mixed layer. Cavolinia uncinata was never found in MOCNESS samples, 352 possibly due to lower abundances. They were collected on SCUBA dives during the day and 353 night at the Costa Rica Dome, suggesting that they live only in the mixed layer. Both C. uncinata 354 and C. inflexa have elaborate wing flaps trailing from their body which they hold fully extended 355 while hovering in the water column, either for buoyancy or prey capture (Gilmer and Harbison 356 1986). These structures cause them to be much more delicate than other thecosomes and 357 inadvertent handling or capture damage may explain the greater variation in O 2 consumption of 358 these species. 359
As epipelagic species, D. quadridentata, C. uncinata and C. inflexa experience more 360 moderate changes in temperature and likely never inhabit hypoxic water. Diacria quadridentata 361 and C. inflexa were some of the more sensitive pteropods to changes in temperature with a Q 10 of 362 2.6 and 2.7 respectively. Cavolinia uncinata was the largest of the pteropods collected in the 363 ETP, weighing 4 to 6 times more than all other species and was the only organism which was not 364 significantly affected by temperature. All other species responded to cold temperatures with a 365 decrease in metabolic rate, whereas there was a slight increase in the average metabolic rate of C. 366 uncinata at 11 °C. This Q 10 should be treated with caution since the standard deviation in the 367 20°C treatment, possibly a product of capture stress to these very delicate organisms, and a low 368 sample size resulted in a non-significant difference between thermal treatments. Another 369 possible explanation may be that C. uncinata, despite being found exclusively above the 370 thermocline, is close to its upper thermal limit when exposed to 20 °C or is below its thermal 371 limit at 11 °C. Although increases in metabolic rate with increasing temperature are the norm 372 within an animal's natural thermal conditions, above or below their thermal limit the effect of 373 temperature on metabolic demand is unpredictable as cellular thermal stress or metabolic shut-374 down occur (Pörtner and Farrell 2008) . In such circumstances a Q 10 below 1 could indicate 375 thermal stress (Hochachka and Somero 2002). 376
The pteropods examined in this study have differences in distribution, metabolic rate, and 377 physiological response to temperature and hypoxia. As anthropogenic change causes expansion 378 of OMZs and surface warming, there will be disproportionate effects on various species. Clio 379 pyramidata, C. inflexa and C. uncinata were never caught in the Tehuantepec Bowl, a site where 380 hypoxic conditions occur shallowest and most severely (Fig. 1) . If hypoxic waters expand to 381 match the severity of the OMZ at the Tehuantepec Bowl, these species may face physiological 382 stress from hypoxic waters directly below the thermocline. The experiments were done in international waters, exempting them from legislation; however, 418 experiments were conducted to comply with the current laws of the United States of America. 419
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